The purpose of this study was to demonstrate an application of Rasch analysis to identify differences in disability profiles resulting from traumatic brain injury (TBI) and cerebral vascular accident (CVA) and to examine outcome differences between the two groups following post-hospital residential rehabilitation. Participant data were collected from 32 facilities in 16 states. From 2990 neurologically impaired individuals with consecutive admissions from 2011 through 2017, 874 met inclusion criteria: TBI (n = 687) or CVA (n = 187), 18 years or older, minimum length of stay of one month, and maximum chronicity of 1 year. Participants were evaluated at admission and discharge on the Mayo Portland Adaptability Inventory-Version 4 (MPAI-4). Rasch analysis was performed to establish item reliability, construct validity and item difficulty. A Repeated Measures Multivariate Analysis of Covariance (RM MANCOVA) determined group differences and improvement from admission and discharge. Rasch Analysis demonstrated satisfactory construct validity and internal consistency (Person reliability > 0.90, Item reliability > 0.98 for admission and discharge MPAI-4s). Both groups showed significant improvement on the MPAI-4 (p < 0.0005). The TBI group was more impaired on the adjustment scale at both admission and discharge (p < 0.001). Rasch analysis identified two distinct impairment patterns. CVA participants exhibited deficits characteristic of focal impairment while the TBI group presented with deficits reflective of diffuse impairment. Rehabilitation was shown to be beneficial in reducing disability following neurologic injury in both groups. Importantly, Rasch Analysis accurately produced unique disability profiles that differentiated the treatment groups. This unique statistical 
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Introduction
The United States Center for Disease Control reports that approximately 4% of the American population is living with disability resulting from Cerebral Vascular Accidents (CVA) and Traumatic Brain Injury (TBI) [1] , with TBI demonstrating a 3:1 higher incidence rate [2] [3] . Survival rates continue to rise for both groups with improved medical management of hypertension mitigating the impact of stroke and advances in emergency medical technology saving lives following TBI [2] [4] . As the survival rates have increased so to have the number of persons living with long-term disability, which is currently estimated to be 11.5 million people in the United States [1] . Although the mechanism of injury differs for CVA and TBI, both types of injuries often result in impaired functioning in communication, mobility, vision, memory, information processing and behavioral control.
Concomitant with the increase in the number of persons living with disability has been the growth of post-hospital neurological rehabilitation programs [5] . These programs may be either residential or outpatient and are designed to treat persons with acquired brain injuries such as TBI, CVA, brain tumors and anoxic/hypoxic injuries. Treatment typically involves 45 to 60 minutes each of physical, occupational, and speech therapies per day, up to five days per week [6] . Medical management of medications and psychological counseling are included as indicated. Current clinical practice involves individual members from a multi-disciplinary rehabilitation treatment team conducting assessments, identifying deficits, and developing goals to improve performance in the identified problem areas [5] . This approach, however, is accomplished without empirical knowledge of which deficits have the greatest impact on overall outcome. Rather, the approach considers deviations from non-impaired performance to targeted goals for remediation. A more focused approach would involve targeting those deficits that have the greatest effect on functional outcome and determining optimal treatment strategies by discipline to lessen their impact. A statistical approach utilizing Rasch modeling techniques offers an efficient means to accomplish the first step in this process: identifying the deficits most relevant to outcome. "disability"). The model accounts for a response to a specific item in relationship to the probability of a specific response to other items on the measure [7] . This enables the calculation of the metric distance between items and supports relia- The purpose of the present study was to extend this line of research by applying Rasch analysis of MPAI-4 data to examine differences in disability profiles for clinical groups. The current study identified TBI and CVA survivors treated in community-residential, post-hospital brain injury rehabilitation programs for analysis. Additionally, this study evaluated the effectiveness of these treatment programs in reducing disability from admission to discharge.
Methods

Subjects
The study sample was selected from 2990 neurologically impaired individuals or CVA (n = 187), age 18 or older, minimum length of stay of 1 month, maximum chronicity (onset of injury to admission interval) of one year and admitted and discharged from residential neurorehabilitation. 
Measure
Participants 
Rehabilitation Treatment
The over-arching goal of the programs involved in the study was to maximize participants' functional independence for return to home and family. With this goal, each participant received physical therapy, occupational therapy, speech therapy, recreation and community integration, counseling (based on need) and medical management provided by nursing and physicians specializing in physical medicine and rehabilitation. Additionally, they received an average of 5 to 6
hours a day of life skills acquisition training including community integration.
Data Collection
Each participant was evaluated within approximately two weeks of admission using the MPAI-4 by treatment team consensus. Discharge MPAI-4s were completed in a similar fashion within the final week of the participant's stay. The results of all evaluations with demographic data were compiled into a national database for analysis.
Statistical Analysis
Rasch analysis was performed to determine reliability of MPAI-4 admission and discharge assessments and item difficulty profiles for the TBI and CVA samples.
A repeated measures multivariate analysis of co-variance (RM MANCOVA) was provided to evaluate change scores on Abilities, Adjustment, and Participation
Indices from admission to discharge and to evaluate differences between groups at admission and discharge. Analyses were performed using SPSS version 25 for the RM MANCOVA and follow-up tests while Winsteps version 3.81 was used to conduct Rasch Analyses.
Rasch Item Difficulty Statistics
Rasch analysis orders items by identifying the probability of an item receiving a particular rating along the measurement scale (i.e. no limitation to severe limitation). For example, mean item difficulty is the point at which the highest and lowest categories have an equal probability of being observed [11] . In the case of the MPAI-4, the more difficult items would be those that have a higher probability of a moderate to severe limitation being observed than no limitation. Difficulty measures are presented as logits with two decimal points. For a given population this measure is useful for ordering items from least to most likely to be impaired.
Construct Validity
Construct validity refers to the extent to which an evaluation tool measures the underlying construct that it is intended to measure. Rasch fit statistics accomplish this by evaluating expected values for an item to the actual value obtain from the data set. Fit statistics also provide an estimate of the distinct contribution for each item in describing the underlying construct and the extent to which they differentiate among people along the continuum of that construct [12] . As applied to the MPAI-4, Rasch Infit and Outfit statistics illustrate the fit of each item representing unique contribution to a person's level of disability (latent construct). Fit values that are nearest to 1.0 indicate minimal distortion. Values falling below 1 indicate that persons are answering incorrectly when they are expected to answer correctly (Guttman error). Low fit values on the MPAI-4 suggest that high levels of limitation are observed when low levels would be expected for that person on those items. Values greater than 1 indicate that there is more random variation on an item than would be expected. Therefore, Fit values falling between 0.5 and 1.5 are considered productive for measurement use [7] . Items that fall outside those parameters may not reliably represent the latent construct being measured.
Reliability
Reliability refers to the consistency of a measure or the extent to which a meas- Item Separation refers to the extent to which items on a test are consistently ranked from least difficult to most difficult. Low Item Separation (<3.00) implies that the item difficulty hierarchy is not reliable, whereas magnitudes exceeding 3.00 indicate greater consistency of item hierarchy. Each of the misfit items presented in the Table 2 exceeded 1.5, revealing significant unexplained variation in observations and a tendency for outlier responding. Not surprisingly, the CVA group, presented infit and outfit values greater than 1.5 for "paid work" at each assessment. For this group the combination of advanced age and disability resulted in return to work being rarely endorsed on the evaluations and contributing to the instability of the item. Paid work values were outside the criterion at admission (e.g., no one was working at the time of admission due to the impact of an acute injury), but not discharge for TBIs. For the TBI group, audition was the most unstable item, with infit and outfit values exceeding criteria at admission and discharge. Within this group, audition was rarely endorsed as a limitation and was thus more susceptible to outlier responding. "Unpaid work" (e.g., home making, volunteering, school) at admission was the next most unstable item due to individuals not being involved in these activities. The remainder of misfit items were marginally above the 1.50 upper limit. Overall, for both groups, the majority of MPAI-4 items accurately contributed to measuring disability after brain injury supporting a high level of construct validity for this instrument.
Results
Construct Validity
Person and Item Reliability
Rasch person reliability coefficients for the MPAI-4 at admission were 0.91 for the TBI group and 0.88 for the CVA group. Admission MPAI-4 item reliability coefficients were 0.99 for both groups. At discharge person reliability was 0.95 and 0.93 respectively for TBI and CVA. Again, MPAI-4 item reliability was 0.99 for both groups at discharge. These findings indicate that MPAI-4 assessments effectively distinguished persons along the disability continuum (person reliability) and there was a consistent level of agreement within groups identifying easy through difficult items (item reliability).
Person and Item Separation
Rasch person separation values for admission MPAI-4 assessments were 3.10 for With acceptable levels of reliability and validity established, further analyses were conducted to determine item difficulty profiles and performance differences admission to discharge. Transportation, Residence (home skills), money management presented the greatest difficulty (highest level of disability) for both groups. Table 3 shows the top 5 most disabling items for both groups at admission and discharge. The data shows that at discharge the magnitude of difficulty was Table 3 . Top five most difficult items at admission and discharge for TBI and CVA. order of the first three items. For the TBI group leisure skills and memory were replaced by productivity (engagement in meaningful activity paid or unpaid) and impaired awareness in the top five. Transportation remained unchanged and presented the greatest magnitude of disability.
Item Difficulty
Difficulty Admission and Discharge
Change Admission to Discharge
With age entered as a covariate, a RM MANCOVA revealed a significant main effect for pre-post testing, F(1, 871) = 128.97 p = 0.0005, Wilks Lambda = 0.87, partial eta 2 = 0.13, power to detect = 1.00. Follow-up paired sample t-tests found that MPAI-4 T-Scores were significantly lower (less disability) at discharge for both the TBI and CVA groups. Table 4 Results of the RM MANCOVA also showed a significant two-way measure by 
Discussion
After discharge from acute hospitalization, persons who have suffered a TBI or Both groups experienced the greatest change with Abilities and Adjustment items, but the greatest challenge was within the applied skills of the Participation Index (e.g., instrumental activities of daily living). Rehabilitation within the first year of recovery tends to show the greatest gains with physical, cognitive, and communication skills along with moderate behavioral stability. However, application of skills into real-world settings and situations requires extensive learning and insight development that is often not evident until much later in recovery.
Limitations experienced in these skills for the current study were the result of different patterns of disability with regard to the physical, cognitive, and emo- Although both groups saw improvement on participation skills at discharge, greater reduction in disability may have been achieved by targeting the high impact deficits identified at admission with longer and more frequent therapies.
Thus, this study provides an example of evidence-based hierarchical modeling with Rasch analysis to provide improved targeted treatment that is independent of time in recovery. The use of Rasch seems to be a promising application for the development of more hierarchical prescriptive treatment for persons recovering from TBI or CVA.
